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1
LOW-SWING SCHMITT TRIGGERS

TECHNICAL FIELD

This disclosure relates to low-swing Schmitt triggers.

BACKGROUND

A Schmitt trigger (e.g., a CMOS Schmitt Trigger) may be
used to convert an irregular or sine or triangular wave 1nto
a square wave or pulse to address a noise problem, hence 1t
1s widely used 1n both Analog and Digital domain circuits.
Schmitt Triggers are widely used as signal recreation circuits
in order to filter out noise and output a square wave.
Normally a Schmitt trigger has two transition threshold
voltages, when the mnput crosses either threshold voltage,
depending on the state transition, 1t will be either logic one
or logic 0, while comparators have only one threshold
voltage. This characteristic of the Schmitt trigger 1s called
hysteresis. The hysteresis of Schmitt Trigger 1s used to gain
better noise margin and stable operation than that of a
comparator.

BRIEF DESCRIPTION OF THE

DRAWINGS

The disclosure 1s best understood from the following
detailed description when read in conjunction with the
accompanying drawings. It 1s emphasized that, according to
common practice, the various features of the drawings are
not to-scale. On the contrary, the dimensions of the various
teatures are arbitrarily expanded or reduced for clarity.

FIG. 1 1s a block diagram of an example of a low-swing
Schmitt trigger.

FIG. 2 15 a circuit diagram of an example of a low-swing
CMOS Schmitt trigger.

FIG. 3 1s a block diagram of an example of a low-swing
Schmitt trigger.

FIG. 4 1s a flow chart of an example of a process for
amplifying an input signal with low-swing while rejecting
noise on the input signal.

FIG. 5 1s a flow chart of an example of a process for
amplifying an input signal with low-swing while rejecting
noise on the input signal.

DETAILED DESCRIPTION

Overview

A Schmitt trigger circuit used widely for its hysteresis
generation 1n an input bufler characteristic. The hysteresis
range may directly impact noise margin in the circuit behav-
ior, but 1f the inputs are exactly nearing a lower threshold
(V_1) and an upper threshold (V_h), there could be a
significant propagation delay due to shorter overdrive avail-
able to circuit during a state transition. Once a threshold
voltage 1s crossed, it may be helpful to boost transconduc-
tance of circuit 1n order to achieve higher speed and lower
delays. When a Schmutt trigger circuit 1s employed 1n a logic
circuit, the circuit may be expected to operate at a faster
switching speed 1rrespective of the voltage margins beyond
the thresholds. That 1s, once the mput voltage crosses the
threshold level just by 100 mV beyond, the speed should be
taster. Conventional architectures fail to address this issue
and may experience large delays if the input voltage 1s just
beyond the thresholds and thus existing architectures may
not be suitable for achieving higher speeds due to an 1inbuild
tailure to sense the mputs with low swing beyond a thresh-
old. A minimal swing at the input of a Schmitt trigger, may
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2

prevent the output from switching the state immediately,
thereby causing false evaluation for the particular mputs
which are beyond the thresholds, but with lesser margins.
For example, this may be true 1n the case of circuits having
signal integrity 1ssues and long channel die-to-die serdes
where degradation at input peak2peak 1s less, but still
beyond noise margin. There 1s a need to have an architecture
to implement higher speed state transitions once the thresh-
old voltages are crossed, even 1n the case of a low-swing
input voltage signal. Described herein are architectures that
address this 1ssue of higher delay for the inputs near the
noise margin levels (+V_h, -V _1).

For example, some implementations sense an input
change once it crosses the threshold voltages set by a
traditional Schmitt trigger circuit and provide an additional
parallel path for helping the Schmitt trigger to source/sink
more current 1n order to achieve lesser delay 1n state change
and achieve higher speed. This may enable a state transition
even though the iput swing remains low and have just
barely crossed the threshold. In some implementations, an
architecture may be verified using across process-voltage-
temp corners and may achieve remarkable delta 1n delay
decrease and may enable switching a rates 10x faster than a
traditional Schmitt trigger.

As used herein, the term “circuit” refers to an arrangement
ol electronic components (e.g., transistors, resistors, capaci-
tors, and/or inductors) that 1s structured to implement one or
more functions. For example, a circuit may include one or
more transistors interconnected to form logic gates that
collectively implement a logical function.

Details

Low-swing input voltages can present challenges for
Schmitt trigger circuits. For example, 11 an input to a Schmutt
Trigger has a very low swing (e.g., +/-50 mV from the
threshold), which 1s just crossing the threshold on a respec-
tive transition, at very worst or skew corners 1t may not
switch as expected because the transistor may not receive
adequate time or voltage level to switch. Some 1mplemen-
tations may sense the input change and help to build the
potential so that a transistor will be able to switch to the
correspondmg threshold even if the mput voltage at the gate
remains small after crossing the threshold.

For example, a low-swing Schmitt trigger circuit may
sense the mput change as early as possible and provide an
additional path for building or helping the Schmaitt trigger to
change the state even though the mput swing remains low or
just crossed the threshold.

FIG. 2 1s a circuit diagram of an example of a low-swing
CMOS Schmitt trigger circuit 200. A Schmitt Trigger 1s a
logic circuit, unlike an 1nverter, the output state will switch
in response to crossings of diflerent thresholds (V_1, V_h)
for high-to-low transitions and low-to-high transitions. For
example, when the mput voltage switches to a logic zero
state, the upper PMOS transistor begins to start conducting,
and thereby a first feedback node 230 gets charged and starts
building potential. However, as per the problem stated, 11 the
input voltage 1s not a proper logic zero or just 50 mV crossed
below threshold, the potential build-up to change the state
may not be enough, so as soon as the input state changes the
iverter starts conducting and helps to switch the state. The
low-swing Schmitt trigger circuit 200 includes an nverter
and a coupled transistor providing an additional path on both
the sides for both logical states (O or 1). The transistors of the
threshold voltage sensor 240 and the current source 230
control and provide the additional path for Logic 1. The
transistors of the threshold voltage sensor 242 and the
current sink 252 control and provide the additional path for
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Logic 0. The amount of hysteresis can be selected by
properly sizing the PMOS and NMOS ftransistors respec-
tively.

The techniques and architectures described herein can be
used 1n very high-speed designs. In high speed circuits the
voltage swing may be less and just cross the thresholds of
the device, so the low-swing designs may provide better
noise rejection.

FIG. 1 1s a block diagram of an example of a low-swing
Schmitt trigger 100. The low-swing Schmitt trigger 100
includes a Schmitt trigger 102 with an input node 104 and
an output node 106. The Schmitt trigger 102 includes a
comparator 110, an attenuator 112, and a summer 114. The
attenuator 112 takes an output voltage from the comparator
110 at the output node 106 as input and outputs an attenuated
voltage level at the node 124. The summer 114 1s configured
to receive an input voltage at the mput node 104 and an
attenuated voltage level of the output node 106 from the
node 124 as mputs. The summer 114 is configured to output
a feedback voltage at the feedback node 126, which 1s input
to comparator 110. The low-swing Schmitt trigger 100
includes a voltage sensor 140 connected to the feedback
node 126 and configured to cause a current source or current
sink 150 to pull up or pull down an output voltage level at
the output node 106 responsive to the feedback voltage level
crossing a threshold. For example, the low-swing Schmitt
trigger 100 may be used to implement the process 400 of
FIG. 4. For example, the low-swing Schmitt trigger 100 may
be used to implement the process 500 of FIG. 5.

The low-swing Schmitt trigger 100 may be implemented
with a variety of circuit topologies. In some 1mplementa-
tions, the low-swing Schmitt trigger 100 uses series feed-
back (e.g., mncluding an emitter-coupled Schmitt trigger or
an op-amp inverting Schmitt trigger). In some 1mplementa-
tions, the low-swing Schmaitt trigger 100 uses parallel feed-
back (e.g., including a collector-base coupled Schmitt trig-
ger or an op-amp non-inverting Schmitt trigger). For
example, the Schmitt trigger 102 may be a non-inverting
Schmitt trigger. For example, the Schmitt trigger 102 may be
a CMOS 1verting Schmitt trigger. For example, the low-
swing Schmitt trigger 100 may be implemented as the
low-swing CMOS Schmitt trigger 200 of FIG. 2.

The low-swing Schmitt trigger 100 includes a Schmatt
trigger 102 including an input node 104, an output node 106,
and a feedback node 126 that 1s configured to bear a
teedback voltage level that 1s a sum of an input voltage level
at the mput node 104 and an attenuated voltage level of the
output node 106. By mputting the voltage at the feedback
node 126 to the comparator 110, rather than the input voltage
at the mput node 104, the Schmitt trigger 102 implements
hysteresis 1n 1ts transier function. In some 1implementations,
the Schmaitt trigger 102 includes multiple feedback nodes
126 (e.g., the first feedback node 230 and the second
teedback node 232 of FIG. 2) that are used to implement
hysteresis of the Schmitt trigger 102 1n different states.

The low-swing Schmitt trigger 100 includes a current
source or a current sink 150 connected to the output node
106. For example, a current source 150 may be configured
to turn on and pull up an output voltage at the output node
106 responsive to a control signal from the voltage sensor
140 on the control node 145. In some implementations, the
current source 150 includes a parallel pull-up transistor (e.g.,
the parallel pull-up transistor of the current source 250). For
example, a current sink 150 may be configured to turn on
and pull down an output voltage at the output node 106
responsive to a control signal from the voltage sensor 140 on
the control node 145. In some implementations, the current
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4

sink 150 includes a parallel pull-down transistor (e.g., the
parallel pull-down transistor of the current sink 252). In
some 1mplementations, the low-swing Schmitt trigger 100
includes a current source and current sink (e.g., including the
parallel pull-up transistor of the current source 250 and the
pull-down transistor of the current sink 252 of FIG. 2) that
are both connected to the output node 106.

The low-swing Schmitt trigger 100 includes a voltage
sensor 140 connected to the feedback node 126 and config-
ured to cause the current source 150 to pull up an output
voltage level at the output node 106 responsive to the
teedback voltage level crossing a threshold. The voltage
sensor 140 may use various circuit topologies. For example,
the voltage sensor 140 may include a CMOS threshold
voltage sensor. In some 1mplementations, low-swing
Schmitt trigger 100 includes the multiple voltage sensors
140 (e.g., the first voltage sensor 240 and the second voltage
sensor 242 of FIG. 2) connected to respective feedback
nodes 126. For example, the feedback nodes 126 may be a
first feedback node, the feedback voltage may be a first
teedback voltage, the voltage sensor 140 may be first voltage
sensor, the threshold may be a first threshold, and the
Schmitt trigger 102 may include a second feedback node
that 1s configured to bear a second feedback voltage level
that 1s a sum of the mput voltage level and an attenuated
voltage level of the output node 106. The low-swing Schmatt
trigger 100 may also include a current sink 150 connected to
the output node 106, and a second voltage sensor connected
to the second feedback node and configured to cause the
current sink 150 to pull down the output voltage level at the
output node 106 responsive to the second feedback voltage
level crossing a second threshold.

FIG. 2 1s a circuit diagram of an example of a low-swing
CMOS Schmatt trigger 200. The low-swing CMOS Schmitt
trigger 200 1includes an 1input node 202; an output node 204;
a PMOS transistor 210 with a gate terminal connected to the
input node 202; a PMOS transistor 212 with a gate terminal
connected to the input node 202 and a drain terminal
connected to the output node 204; a first feedback transistor
220 with a gate terminal connected to the output node 204;
a second feedback transistor 222 with a gate terminal
connected to the output node 204; an NMOS transistor 224
with a gate terminal connected to the mnput node 202 and a
drain terminal connected to the output node 204; an NMOS
transistor 226 with a gate terminal connected to the input
node 202; a first feedback node 230 connecting a drain
terminal of the PMOS transistor 210, a source terminal of
the PMOS transistor 212, and a source terminal of the
feedback transistor 220; a second feedback node 232 con-
necting a source terminal of the NMOS transistor 224, a
drain terminal of the NMOS transistor 212, and a source
terminal of the feedback transistor 222. The low-swing
CMOS Schmitt trigger 200 includes a first voltage sensor
240 with an mput terminal connected to the first feedback
node 230; a second voltage sensor 242 with an mput
terminal connected to the second feedback node 232; a
current source 250 with an output terminal connected to the
output node 204; a current sink 252 with an output terminal
connected to the output node 204; a first control node 260
connecting the first voltage sensor 240 and the current
source 250; and a second control node 262 connecting the
second voltage sensor 242 and the current sink 252. For
example, the low-swing CMOS Schmitt trigger 200 may be
used to implement the process 400 of FIG. 4. For example,
the low-swing CMOS Schmitt trigger 200 may be used to
implement the process 500 of FIG. 3.
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The low-swing CMOS Schmitt trigger 200 includes a
Schmitt trigger including the mput node 202, the output
node 204, and the first feedback transistor 220 with a gate
terminal connected to the output node 204. The Schmutt
trigger includes the second feedback transistor 222 with a
gate terminal connected to the output node 204. In this
example, the first feedback transistor 220 1s a PMOS tran-
sistor and the second feedback transistor 222 1s an NMOS

transistor.

The low-swing CMOS Schmitt trigger 200 includes a
current source 250 connected to the output node 204. In
some 1mplementations, the current source includes a parallel
pull-up transistor. For example, the current source 2350 may
include a PMOS ftransistor with a gate connected (e.g.,
connected via the first control node 260) to an output of the
first voltage sensor 240. A drain terminal of this PMOS
transistor may be connected to the output node 204. A source
terminal of this PMOS ftransistor may be connected to a
power source. For example, the current source 250 may be
activated to provide an additional current path to the output
node 204, which may hasten a transition of an output voltage
level at the output node 204 to a high or logic 1 state.

The low-swing CMOS Schmitt trigger 200 includes a
current sink 252 connected to the output node 204. In some
implementations, the current sink 252 includes a parallel
pull-down transistor. For example, the current sink 252 may
include an NMOS transistor with a gate connected to an
output of the second voltage sensor 242. A drain terminal of
this NMOS transistor may be connected to the output node
204. A source terminal of this NMOS transistor may be
connected to a ground terminal. For example, the current
sink 252 may be activated to provide an additional current
path from the output node 204, which may hasten a transi-
tion of an output voltage level at the output node 204 to a
low or logic O state.

The low-swing CMOS Schmitt trigger 200 includes a first
voltage sensor 240 connected to a source terminal of the first
teedback transistor 220 and configured to cause the current
source 250 to pull up an output voltage level at the output
node 204 responsive to a voltage level at the source terminal
of the first feedback transistor 220 crossing a first threshold.
For example, the first voltage sensor 240 may include a
CMOS threshold voltage sensor.

The low-swing CMOS Schmitt trigger 200 includes a
second voltage sensor 242 connected to a source terminal of
the second feedback transistor 222 and configured to cause
the current sink 252 to pull down the output voltage level at
the output node 204 responsive to a voltage level at the
source terminal of the second feedback transistor 222 cross-
ing a second threshold. For example, the second voltage
sensor 242 may include a CMOS threshold voltage sensor.

FIG. 3 1s a block diagram of an example of a low-swing
Schmitt trigger 300. The low-swing Schmitt trigger 300
includes a Schmitt trigger 310 with an mput node 320 and
an output node 330. The Schmitt trigger 310 has a first
threshold voltage that triggers transitions of the output to a
high or logic 1 state, and a second threshold voltage that
triggers transitions of the output to a low or logic O state. The
low-swing Schmitt trigger 300 includes a sensing circuit 340
configured to detect when an internal feedback signal of the
Schmitt trigger 310 crosses a threshold, and responsive to
crossing of the threshold, generate a control signal to open
an alternate current path to the output node 330 to enable fast
state transition of an output voltage at the output node 330
even 1n the presence of a low-swing voltage at the input node

320.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 4 1s a flow chart of an example of a process 400 for
amplifving an input signal with low-swing while rejecting
noise on the mput signal. The process 400 includes sensing
410 when a feedback voltage of a Schmitt trigger crosses a
threshold; and, responsive to the feedback voltage of the
Schmitt trigger crossing the threshold, activating a current
source to provide an additional path for current to flow to an
output node of the Schmutt trigger. For example, the process
400 may be mmplemented using the low-swing Schmitt
trigger 100 of FIG. 1. For example, the process 400 may be
implemented using the low-swing CMOS Schmitt trigger
200 of FIG. 2. For example, the process 400 may be
implemented using the low-swing Schmitt trigger 300 of
FIG. 3.

The process 400 includes sensing 410 when a feedback
voltage (e.g., at the feedback node 126 or at the first
teedback node 230) of a Schmitt trigger crosses a threshold.
The feedback voltage may be a sum of an imnput voltage level
at an 1mput node of the Schmitt trigger and an attenuated
voltage level of an output node of the Schmitt trigger. For
example, the threshold may correspond to a low-to-high
switching threshold of the Schmitt trigger. In some 1mple-
mentations, the Schmitt trigger 1s a CMOS 1mverting Schmatt
trigger. In some 1mplementations, the Schmitt trigger 1s a
non-inverting Schmitt trigger.

The process 400 includes, responsive to the feedback
voltage crossing the threshold, activating 420 a current
source (e.g., the current source 2350) to provide an additional
path for current to flow to an output node of the Schmutt
trigger. For example, the current source may include a
parallel pull-up transistor. For example, the current source
may include a MOS transistor, and activating 420 the current
source may include changing a voltage at a gate terminal of
the MOS {transistor.

FIG. 5 1s a tlow chart of an example of a process 500 for
amplifying an input signal with low-swing while rejecting
noise on the mput signal. The process 500 includes sensing
510 when a first feedback voltage of a Schmitt trigger
crosses a first threshold; responsive to the feedback voltage
crossing the threshold, activating 520 a current source to
provide an additional path for current to flow to an output
node of the Schmitt trigger; sensing 330 when a second
teedback voltage of a Schmitt trigger crosses a second
threshold; and, responsive to the second feedback voltage
crossing the second threshold, activating 540 a current sink
to provide an additional path for current to flow from the
output node of the Schmutt trigger. For example, the process
500 may be implemented using the low-swing Schmitt
trigger 100 of FIG. 1. For example, the process 500 may be
implemented using the low-swing CMOS Schmitt trigger
200 of FIG. 2. For example, the process 300 may be
implemented using the low-swing Schmitt trigger 300 of
FIG. 3.

The process 300 includes sensing 510 when a first feed-
back voltage (e.g., at the first feedback node 230) of a
Schmitt trigger crosses a first threshold. The first feedback
voltage may be a sum of an 1nput voltage level at an input
node of the Schmitt trigger and an attenuated voltage level
of an output node of the Schmitt trigger. For example, the
first threshold may correspond to a low-to-high switching
threshold of the Schmutt trigger. In some 1mplementations,
the Schmutt trigger 1s a CMOS 1nverting Schmaitt trigger. In
some 1implementations, the Schmitt trigger 1s a non-inverting,
Schmitt trigger.

The process 500 includes, responsive to the first feedback
voltage crossing the first threshold, activating 520 a current
source (e.g., the current source 230) to provide an additional
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path for current to flow to an output node of the Schmatt
trigger. For example, the current source may include a
parallel pull-up transistor. For example, the current source
may include a MOS transistor, and activating 520 the current
source may include changing a voltage at a gate terminal of
the MOS transistor.

The process 3500 includes sensing 330 when a second
teedback voltage (e.g., at the second feedback node 232) of
a Schmitt trigger crosses a second threshold. The second
teedback voltage may be a sum of the input voltage level at
the mput node of the Schmitt trigger and an attenuated
voltage level of the output node of the Schmitt trigger. For
example, the second threshold may correspond to a high-
to-low switching threshold of the Schmitt trigger.

The process 500 includes, responsive to the second feed-
back voltage crossing the second threshold, activating 540 a
current sink (e.g., the current sink 252) to provide an
additional path for current to flow from the output node of
the Schmitt trigger. For example, the current sink may
include a parallel pull-down transistor. For example, the
current sink may include a MOS transistor, and activating
540 the current source may 1nclude changing a voltage at a
gate terminal of the MOS transistor.

The process 500 may be repeated 1n response to changes
in an input voltage at the mput node of the Schmatt trigger
to receive a low-swing input signal at the mput node. For
example, the process 300 may be used to received data over
a high-speed serial bus.

In a first aspect, the subject matter described in this
specification can be embodied 1n an apparatus that includes
a Schmitt trigger including an input node, an output node,
and a feedback node that 1s configured to bear a feedback
voltage level that 1s a sum of an mput voltage level at the
input node and an attenuated voltage level of the output
node; a current source connected to the output node; and a
voltage sensor connected to the feedback node and config-
ured to cause the current source to pull up an output voltage
level at the output node responsive to the feedback voltage
level crossing a threshold. For example, the feedback node
may be a first feedback node, the feedback voltage may be
a first feedback voltage, the voltage sensor may be a first
voltage sensor, the threshold may be a first threshold, and the
Schmitt trigger may 1nclude a second feedback node that 1s
configured to bear a second feedback voltage level that 1s a
sum of the mput voltage level and an attenuated voltage
level of the output node. In the first aspect, the apparatus
may include a current sink connected to the output node; and
a second voltage sensor connected to the second feedback
node and configured to cause the current sink to pull down
the output voltage level at the output node responsive to the
second feedback voltage level crossing a second threshold.
In the first aspect, the current source may include a PMOS
transistor with a gate connected to an output of the voltage
sensor. In the first aspect, the current source may include a
parallel pull-up transistor. In the first aspect, the first voltage
sensor may include a CMOS threshold voltage sensor. In the
first aspect, the current sink may include an NMOS transis-
tor with a gate connected to an output of the second voltage
sensor. In the first aspect, the current sink may include a
parallel pull-down transistor. In the first aspect, the second
voltage sensor may include a CMOS threshold voltage
sensor. For example, the Schmitt trigger may be a CMOS
inverting Schmitt trigger. For example, the Schmutt trigger
may be a non-inverting Schmitt trigger.

In a second aspect, the subject matter described in this
specification can be embodied in methods that include
sensing when a feedback voltage of a Schmatt trigger crosses
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a threshold, wherein the feedback voltage 1s a sum of an
input voltage level at an mput node of the Schmitt trigger
and an attenuated voltage level of an output node of the
Schmitt trigger; and, responsive to the feedback voltage
crossing the threshold, activating a current source to provide
an additional path for current to flow to an output node of the
Schmitt trigger. For example, the feedback voltage may be
a first feedback voltage and the threshold may be a first
threshold. In the second aspect, the method may include
sensing when a second feedback voltage of a Schmutt trigger
crosses a second threshold, wherein the second feedback
voltage 1s a sum of the mput voltage level at the input node
of the Schmitt trigger and an attenuated voltage level of the
output node of the Schmitt trigger; and, responsive to the
second feedback voltage crossing the threshold, activating a
current sink to provide an additional path for current to tlow
from the output node of the Schmitt trigger. In the second
aspect, the current source may include a parallel pull-up
transistor. In the second aspect, the current sink may include
a parallel pull-down transistor. For example, the Schmitt
trigger may be a CMOS mverting Schmitt trigger. For
example, the Schmitt trigger may be a non-inverting Schmitt
trigger.

In a third aspect, the subject matter described in this
specification can be embodied 1n an apparatus that includes
a Schmitt trigger including an input node, an output node,
and a feedback transistor with a gate terminal connected to
the output node; a current source connected to the output
node; and a voltage sensor connected to a source terminal of
the feedback transistor and configured to cause the current
source to pull up an output voltage level at the output node
responsive to a voltage level at the source terminal of the
teedback transistor crossing a threshold. For example, the
teedback transistor may be a first feedback transistor, the
voltage sensor may be a first voltage sensor, the threshold
may be a first threshold, and the Schmitt trigger may include
a second feedback transistor with a gate terminal connected
to the output node. In the third aspect, the apparatus may
include a current sink connected to the output node; and a
second voltage sensor connected to a source terminal of the
second feedback transistor and configured to cause the
current sink to pull down the output voltage level at the
output node responsive to a voltage level at the source
terminal of the second feedback transistor crossing a second
threshold. In the third aspect, the first feedback transistor
may be a PMOS transistor and the second feedback tran-
sistor may be an NMOS ftransistor. In the third aspect, the
current source may include a PMOS transistor with a gate
connected to an output of the voltage sensor. In the third

aspect, the current source may include a parallel pull-up
transistor. In the third aspect, the first voltage sensor may
include a CMOS threshold voltage sensor. In the third
aspect, the current sink may include an NMOS ftransistor
with a gate connected to an output of the second voltage
sensor. In the third aspect, the current sink may include a
parallel pull-down transistor. In the third aspect, the second
voltage sensor may include a CMOS threshold voltage
SENSor.

While the disclosure has been described in connection
with certain embodiments, 1t 1s to be understood that the
disclosure 1s not to be limited to the disclosed embodiments
but, on the contrary, 1s intended to cover various modifica-
tions and equivalent arrangements included within the scope
of the appended claims, which scope 1s to be accorded the
broadest interpretation so as to encompass all such modifi-
cations and equivalent structures.
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What 1s claimed 1s:

1. An apparatus comprising:

a Schmutt trigger including an input node, an output node,
and a feedback transistor with a gate terminal directly
connected to the output node;

a current source directly connected to the output node;
and

a voltage sensor directly connected to a source terminal of
the feedback transistor and configured to cause the
current source to pull up an output voltage level at the
output node responsive to a voltage level at the source
terminal of the feedback transistor crossing a threshold.

2. The apparatus of claim 1, wherein the feedback tran-

sistor 1s a first feedback transistor, the voltage sensor 1s a first
voltage sensor, the threshold 1s a first threshold, and the
Schmitt trigger includes a second feedback transistor with a
gate terminal directly connected to the output node, com-
prising:

a current sink directly connected to the output node; and

a second voltage sensor directly connected to a source
terminal of the second feedback transistor and config-
ured to cause the current sink to pull down the output
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voltage level at the output node responsive to a voltage
level at the source terminal of the second feedback
transistor crossing a second threshold.

3. The apparatus of claim 2, in which the first feedback
transistor 1s a PMOS transistor and the second feedback
transistor 1s an NMOS transistor.

4. The apparatus of claim 2, 1n which the current source
includes a PMOS transistor with a gate directly connected to
an output of the voltage sensor.

5. The apparatus of claim 2, 1n which the current source
includes a parallel pull-up transistor.

6. The apparatus of claim 2, in which the first voltage

sensor mmcludes a CMOS threshold voltage sensor.

7. The apparatus of claim 2, in which the current sink
includes an NMOS transistor with a gate directly connected
to an output of the second voltage sensor.

8. The apparatus of claim 2, in which the current sink
includes a parallel pull-down transistor.

9. The apparatus of claim 2, 1n which the second voltage
sensor mcludes a CMOS threshold voltage sensor.
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